Introduction
The Botrytis species are a group of serious plant pathogens; a representative one in this group is B. cinerea, which damages economically important crops. Many commercial fungicides have been used in an effort to eliminate B. cinerea. Until recently, fungicides basically belonged to three groups: carbamates, benzimidazoles, and cyclic imides. Due to the extreme variability observed within the pathogen, B. cinerea has developed resistance to some commercial fungicides. I) Therefore, treatments with these fungicides rapidly became inefficient. Consequently, there is a great interest in developing novel and effective antifungal agents to combat this particularly damaging and drug-resistant fungus. 2 ,3) Natural products with a maleic anhydride structure are valuable antifungal agents, enzyme inhibitors, and herbicides. 4 ) Among them, tautomycin 1,5,6) tautomycetin 2,7) viburspiran 3, 8) phomoidride A 4,9,10) phomoidride B 5,9,10) zopfiellin 6,11,12) heveadride 7, 13, 14) and scytalidin gIS-17) (Fig. 1 ) have good antifungal activities. Tautomycin and tautomycetin were discovered in the screening of soil microorganisms for new antibiotics against Sclerotinia sclerotiorum in China. s ,7) Their MICs for B. cinerea were 125 flg/mL and 12.5 flg/mL, respectively. Viburspiran was found to have an eight-membered ring with two maleic anhydride units, and it exhibited antifungal activity against both Microbotryum violaceum and B. cinerea. 8 ) Zopfiellin was discovered in the 1990s in Japan. It suppresses the growth of several fungi, bacterial, and yeast species and is especially effective against B. cinerea (MIC=0.78f1g/mU2)). Heveadride and its derivatives were discovered while screening for new antifungal substances from fungal sources against pathogenic filamentous fungi. They showed strong antifungal activity against various filamentous fungi. 13 ) Scytalidin inhibited the growth of stain and decay fungi associated with deterioration of pulpwood chips in outside storage. 16 -18 ) These substances were comprised of at least one maleic anhydride structure, Natural products with a maleimide structure also have high biological activities, such as showdomycin 9,19,20) aqabamycins 10,21) and arcyriaflavins 11,22) also have high biological activities (Fig. 2) . All of them possess antifungal and anti-bacterial activity. In addition, N-(4-fluorophenyl)-dichloromaleimide, N-butylmaleimide, N-phenylbutylmaleimide, and other unnatural compounds with maleimide have been reported to possess excellent antifungal activity. 22, 23) In particular, these maleimide derivatives had been shown to be a potent antifungal compound with low zoo-toxicity in mice. The LDso of N-(4-fluorophenyl)-dichloromaleimide in mice was more than lS,000mg/kg,22) (23), and dichloromaleic anhydride (24) were all purchased from Sigma( Fig. 3) . The others, including 25-37, were prepared according to the literatures 24 -28 ) and confirmed to be the target compounds with IH-NMR. Their structures and synthetic methods were summarized in Table 1 . whereas that of dichloran was approximately 1,500mg/kg. Given that maleimide derivatives were as active as those zootoxic fungicides, maleimide derivatives would be more favorable. To obtain several maleimide derivatives with high activity, in this study, we synthesized a series of compounds and investigated their antifungal activity against B. cinerea. In addition, the initial structure-activity relationship could be obtained, which might Seventeen N-substituted dimethylmaleimide derivatives, including 38-54 (Fig. 4) , were synthesized according to improved procedures based upon reported methods. 29 ) All of the maleimide derivatives were synthesized using 25 and amines as the starting materials. The general procedure was as follows: a solution of amines of acetone or toluene was added dropwise to a solution of 25 of acetone or toluene at room temperature. The reaction mixture was allowed to reach 25-65°C and stirred for 1.5-8.5 hr. Then, after proper addition of anhydrous sodium acetate, iodinated and copper, triethylamine, and acetic anhydride into the mixture of the first step, the reaction mixture was refluxed for 3-15 hr more. The products were obtained with good yields following separation. The structures were elucidated by spectroscopic methods, such as IH-NMR, IR, and ElMS. 
Bioassays
The antifungal activity of compounds with maleic anhydride or maleimide structure against B. cinerea was measured on a solid PDA medium. Compounds were dissolved in a Tween 80 aqueous solution. The pH of the medium was adjusted to 7.0 with 1 M NaOH or 1 M HCl solution. The solution was mixed with PDA to obtain final concentrations of 10, 50, 100, 150, 200, 500 and 1000 {lg/mL. A mixture of PDA and Tween 80 aqueous solution was used as the control sample. The medium was poured into 9-cm diameter Petri dishes (lOmL/plate), which were then inoculated with a 6 mm diameter mycelial plug with 3-day-old B. cinerea. Plates in three replicates were used for each experiment. All plates were incubated in the dark at 21°C for 3 days, the time by which the growth of the control would have reached the edge of the plate. Growth inhibition was calculated as the percentage of inhibition of radial growth relative to the control. Each test was repeated three times. Table 2 .
The antifungal activity of 25 was good (3 {lg/mL). However, when the compounds were not symmetrical, their activities decreased. Taking 31, for example, its MIC reached 25 {lg/mL, almost 10 times as high as that of 25, although the former had only one more ethyl than the latter. When there were no groups (maleic anhydride) or only one group on maleic anhydride, the activities against B. cinerea were very low.
The compounds with maleic anhydride and the phenyl group, such as 12-20 ( Fig. 3) , had no obvious antifungal activities against B. cinerea (MICs> 150 {lg/mL). The explanation that the phenyl ring is more stable than the maleic anhydride ring, which may cause the double bond on the phenyl ring to become more inactive than that on the maleic anhydride, is one possibility. This results in no obvious antifungal activity against B. cinerea for these compounds.
The polarity of two alkyl groups was also a very important factor influencing the antifungal activity. Weak polarity enhanced the activity, as in the case of 31-34 (Table 1) . With the same methyl group at the third site, the length of the carbonchain at the second site determined their polarity. The longer alkyl group resulted in less polarity and higher activity. This result suggests that a compound with less polarity may more easily pass through a cell membrane. The steric hindrance was another factor to affecting the activity. The activity of 23 was lower than that of 25. Compared to that of 25, the substituent of 23 was larger, which could more easily bring about the steric hindrance.
Antifungal activities of compounds with maleimide against B.
cinerea In further research, 17 compounds (38-54) with a maleimide unit were synthesized. Most of them had higher activity than that of maleic anhydride derivatives (Table 3) .
Both 45 and 54 could inhibit the growth of B. cinerea at the concentration of l,ug/mL, and the activity of 51 (MIC=O.I,ug/ mL) was equal to that of dichloran. Therefore, it was potentially utilizable for replacing dichloran. On the condition in which potentiality is developed, postharvest crop diseases could be controlled efficiently. Regretfully, we could not get the structure activity relationship from Table 3 . Much more study will be required to obtain the activity structure relationship.
Conclusions
Taking into account heavy yield losses caused by the gray mol, B. cinerea was chosen as a working system to target the identification of novel antifungal compounds. In the study, 27 simple compounds with a maleic anhydride structure were tested for antifungal activity against B. cinerea. Some compounds with maleic anhydride proved to have antifungal activity against B. cinerea, and 2,3-dimethyl maleic anhydride (25) was the best one (MIC=3,ug/mL). In this study, we initially determined that the activity of maleic anhydride derivatives was related to the steric hindrance and polarity. Through preliminary screening of N-substituted dimethylmaleimides, a series of compounds with high activity was obtained. To a certain degree, both maleic anhydride and dimethymaleimide derivatives possess antifungal activity against B. cinerea. However, the structure-activity relationship was not obvious from the data shown in Table 3 . In addition, the action mechanisms of these compounds were not studied. Therefore, considerable work remains for the screening of maleimide derivatives with higher antifungal activity. This is a promising area that deserves further research.
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